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Today's Topics 

The Problem, and the New Technology 
Philosophy 

e The DARPA Technology Approach 
Specific Enabling Technology 

" I N  
m m -  

e Proposed Program Structure 

L! 
Enabling the Transition from 

Robust Radios to Robust Net?vop.lis 

Amwowed for Public Release. Distribution Unlimited 



E How to ReconciWLeverage Visions 
of Wireless Strategies 

Commercial World 
- Ultra-Low Cost, Disposable 
- Multiple Low-Cost ASICs 

- Mission Specific Layers 
- Multi-Band 
- Low Energy Focused (RIM 

Wac kbe rry P h iloso p h y) 
- Infrastructure Focused 

Sophisticated SDRs 
- Costly, Long Amortization 
- Reprogrammable 

FPGNGPP 
-Core IP Layer for 
- Wideband 

Everything 

-High Energy 

- Less Infrastructure 

How I- 'Ye Pick 3es 
L .. tach? 
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I Analog Impact Technology Impact - F b  on the Network Vision 

I A  

c 

1 

Analog Capability Drives Radio Cost 
- Digital will be Handled by Moore's Law 

High Cost Leads to Low Density 
- Low Density Stresses Radio Range, thus Cost 

t Networking Not Viable as Primary 
Connectivity Without Suitable Density 
- Forces Higher Costs and Less Density! 

Current Networking Technology Accentuates 
Hardware Weaknesses, Not Mitigates Them 

Amwowed for Public Release. Distribution Unlimited 



4- Overall Program Objectives 
(Phase I through Completion) 

1 

1 

Develop a Purpose Built Military NeWork Radio 
based on Commercial Parts, Lines, and Processes 
- Working, Form Factor Product in Phase 1 

N etwo r k-f oc u s s ed E n d -to- E nd M i I ita ry 
Communications Model 
Develop Network Capability that Adapts to Mitigate 
Hardware Shortfalls, and Implement Essential Military 
Functions 
Develop Nebork Capability To Integrate 1,000’s to 
100,000’s of radios into one effective and efficient 
Network 
Adaptation Mechanism to Leverage Successful 
elements of DARPA Programs 
- MnM, XG, CBMANET and MEMs Technology 

Battalion Sized Demonstration 

More Capable, 99% Cost and Weight reduction ..., 
Every Soldier to Any Place I 

H 



I , -  
Density Rather than Range - 4 L E  
Philosophic Transition to 

Transition from End to End to 
Meshed Network Connectivity 
- Network Takes Responsibility 

Use IP Linkage to Avoid Need 
for All Nodes to Reach All 
Platforms 
- Network Provides Range and 

for De livery 

Reliability 
Interoperate at Network (At IP, 
Not Physical) Layer with JTIDS, 
SINCGARS, EPLRS, . . . 
Use Global Network to Resolve 
Local Shortcomings 
Not Your Grandfather's NxN 
Gateway- Everyone to IP 

Low Density Approach I 1 

Forces Multiple, High Cost 
Waveform Modes and High 

_ -  - _  
:PI RC 

I I 
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- 4 L E  
Adaptive Radio Avoids Solving All 

Problems Itself 
Each Technolo- Can Throw 
‘‘Tough9’ Situations to other 
M o re S u it ab le Te c h n o I o g ie s 

I without Impact on User QOS I 

I Spectrum 
Planning Ad - Net1 N etwo rk-W i de 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Dynamic 
S p e ct rup Rel- Uraoidable 

Radio Device 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

I 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 I 

1 J 3 Forming Nullii I I Device 
Spurs9 ... 1 Strong 

Neighbor 
I -c Signal 

Link 1 
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Aware and Adaptive Behaviors 

Low Node 
Density 

# 

I 

High Node] 
Dens - - .  - 

Urban 
Mu1 ti pattl 

L 

Ih Power 

Long 

%Null y 
Comm 

I Range Amwowed for Public Release. Distribution Unlimited 



Key to Low Cost/High 
00s is Interactive Layers 

Adaptive Net 

Fixed I 
i 

--k Topology 

Adaptive 
Top ology 

I I 

iaptive Netw 

r 

Internet I Protocol I Protocol 
Internet 

01 'k Techniqup! 

High QOS Disruption 
Streaming Tole rant 

Adaptive echniques 
Dynamic 
Spectrum Fixed 

- -  . -  r - -.' = '. . = .' . . . ' . A A . . c-A . -t -. - -I .' A 4 -* 
Spur Spur High Low 

Limited Free M ulti pat h Multi p ath I Ranges Ranges Regions Regions 
-- 
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I ,  I qg? L What We Need to Do F( 

- Adapt Network in order to Operate Radios with 20 db Lower 
SFDR and Linearity at the Same Performance Levels 

- Scale our Understanding to Ultra-Large Mobile Networks 
- Extend Conce t of Packet Networks to Directly Implement 

+ Existing Pro rams Provide toolkit for the Physical Layer, but Have 
no Network l? o Exploit the Opportunities 

Broadcast an cf Streaming Service that Are the Basis of Tactical 
operation 

+ Operate Multiple Network Technologies Simultaneously to Meet 
Each Mission QOS Need 

Achieve: 
- 100 Time Reduction in Network Radio Cost ($500 to 1000 per 

- 10 Time Reduction in Network Area Coverage Cost 
- 100 Times Increase in Demonstrated and Objective Network 

- 6 times higher Goodputmhroughput Ratio Required to support 

4 Channel Radio) 

Scale ( I  ,OOO’s/l 00,000’s) 

B ro a dcast/N et t ed Voic e N i  deo 
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The DARPA WNAN 
Network & Radio 

o ntro I-B ase d 
MANET 

I uptimizin Layer 
- “Looks 4 hrough” Lower Layers to Make 

Globally Optimizing Decisions 
Topology Layer 
- Makes the Network Topology Achievable by 

the Radios. Plans Network Around 
Spectrum, Power, Channel, . . . 

Stream (Voice and Video), Broadcast (GBS- 
Like) and Packet Services 

MAC Layer 
- Adaptive Spectrum, MIMO, and 

Beamforming Modes 
PHY Layer 
- Commercial Component-Based, $1,000 

Range 
- Standard RF Slice Widely Replicated 

Nehmrk Layer 
- Multiple, Unique Networks Optimized for 

Existing Program Proposed New 

New WNAN 
Technology 

New WNAN 
Technology 

CBMANET 

Applicable) 
(As 

CBMANET 

Ap pli cab1 e) 
(As - 

Technology Program Technology 4 
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COTS 
Chip Set 

MEMS Filters ar- 
Sensors (MTO)J 



I ,  
How Do We Do This? 

Cost Reduction 
- Fundamental Change in Approach Requiring Ever 

- We Can Adapt Around Most Analog Weaknesses 
Higher Performance 

High Confidence “Dial Tone” 
- Proliferated, Low Cost, and Expendable 
- Clustered RF Units That Can be Baseline, MIMO, 

or Beam-formed 
Enable Network Centric Warfare 
- Integrate MIMO, XG and LPD modes 

New Technology , Integrated Technology, Plus New Philosophy I 
to Work Around “Defects”, Not Spend to Eliminate them 

-m- . I I L l  . I  I I 1  . I  



Hardware Platform A 

+ 

+ 

+ 

+ 

Single RF Processing Slice Replicated to 
form 1, 2 and 4 channel MIMO/XG/ 
Beamforming Capable Radios 
Reverse Standard A T 0  Approach 
- Build Early H M  and Incrementally Add 

Network Capability 
- Have Early Demonstrator of DARPA 

Philosophy and Technology 
Develop Prototypes Using Available 
Commercial Chips 
Assume Contribution from MEMs Filter 
Program 

I 3orhd -Based 
MAN ET 

a 
Technology 

New I a 
T-3 hnolog y 

MEMS Filtc 
& sensor;/ 

Frequency 900 MHz to  
6 GHz 

Power 

SFDR 

IP3 

Peak 

36 dEm 

60 dE 

? dEm 

10 Mbps 

GPS Access Interleaved by 
Con necti on1 ess Nehork i  ng 

Digital Post Processin4 

I I 
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Every Tree a Cell Tower - Fh 
Use Expendable Radios as 
Temporary “Cell Towers” 
Small Propellant to “Launch” into 
Trees, Buildings, Balconies,. . . 
0 bject ive : 
- 8 Hours Operations 
- 2OOKBPS Aggregate 
- Equivalent to I O  Cell Channels 

Cost Less Than Buying Cell 
“minutes” in the US 
Pure Router, so Needs no 
Message Decryption 
Or, Inductively Couple to Power 
Line (with Battery for Outage) 
For Temporary Infrastructure L- 
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* - Utilize More Network Models F h  w - 
I ..... , . ; ; . . - .; ; : . ............. - ..... .:.. .... .... :: ..,.., 

.... ..... ............. . :. '. : . 

Application 

C onnectionle ss 
Transport Layer 
w n r z  
n- :on n e cti o n ie s s 

Network Layer 
I 

I 
Media 

Access 

Physical 

conne cflon 
Transport Layer 

Assumpti on: 
You can create a Hig 
Service Quality 
Connection- Oriented 
Service on top of a 
con necti on less network 
Layer 

Issues: 
+ Poor QOS in high 

demand channels I 
+ Correlated Demand I 
+ IP Overhead on Every 
Pprltatl II 

I ............... .. :. :.. ..... 
.:.. , , : . . .... .... ..::.,.. 

/ ..:, .. . . ':. .\ 
, ',., -::. . 

, .-:. . 

Application 

I Connection 
Transport Layer I Connection les s 

Transport Layer 

Con necti o nles s Connection 

I 1  II 

n Physical 

I 
4 



r;RBIpB, Stream Network Service 

+ Network centric Warfare will 
Transfer Traditional Analog 
Services to Networks 
- Voice, Combat Nets, Video, ... 

+ Internet Packet Model Poor in 
Delivery Efficiency of these 
Services 
- No Intelligent Multicast 
- Header Overhead on Each 

- Random Effects on Delivery 
Packet 

(Jitter, loss, ...) 
+ Bandwidth Savings: 

- 3 Times Peak Usage reduction 
- 2 Times Usage reduction 
- I .# times “Overprovision” 

- 4 Times in 5 ho , video 
reduction 

distribution to 2 0 Subscribers 
(wired or wireless) 

Internet VOIP Model 

+7 Copies of Stream 
+ 12 Transmissions 
+ 25% Overhead 

I D A m A  Model 

+ 2  Copies of Stream 

+ 30h Overhead 
Both Radios 
Receive the 



Topology 
Develop a New Nehork  Function -Deciaing the Nehork  
Topology 
- Today - Network Topology is Whatever Links Say it Is 
- Routers Use What they Get, Not What they Need! 

Objective 
- Have Network Use Topology to Allocate Resources that Interact 

Between Radios 
+ Spectrum, Interference, Routing Responsibility, 

Battery Power, MIMO vs. Single Channel ... 
- Locally Solves Interactions 

- Reduces Certain Radios Bandwidth 
- Forces Frequency Moves 
- Directs Use of MIMO to Resolve Spectrum Shortages 
- Changes Routing to Reduce Load on Low Energy 

Typical Actions: 
Hew TI 

Technology 

Amwowed for Public Release. Distribution Unlimited 
Devices, ... 



Program Metrics 

Build a demo wireless 
nodes: 
- 4 RF channelshode 
- Inexpensive RF circuits 
- Shortfalls of the PHY 

layer can be mitigated at 
the nehork layer 

Traceable to $500 unit 
cost in quantities of 
IOOK, excluding NRE 
- Detailed production cost 

& learning curve 
estimates 

Production Cost and 
Learning Curve (Nominal) 

I om 

Quantity 

100K 
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Questions? 
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